Effectof Protuberances Onheatandmass Transfers Ina Rectangular Enclosure  by Bouguern, F. & Rahal, S.
 Energy Procedia  18 ( 2012 )  851 – 856 
1876-6102 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of The TerraGreen Society.
doi: 10.1016/j.egypro.2012.05.099 
Effect of protuberances on heat and mass transfers in a
rectangular enclosure
F.BOUGUERNa, S.RAHALb
aLaboratory of Structural Mechanics and Materials University of Batna., ALGERIA
b Mechanical engineering Department, University of Batna, ALGERIA
Abstract
Heat transfer by convection occurs in various domains such as atmospheric flows, exchangers, passive air
conditioning, etc.…For example, in passive air conditioning, the heat transfer rate at a lateral wall of an enclosure can
be enhanced if the surface is not flat. Indeed, it is well known that a rough surface allows increasing the heat transfer.
Such rough surface can be obtained with the use of protuberances on walls. The purpose of this study is to
investigate, numerically in 2D, the effect of rough surfaces at the vertical walls on heat and mass transfers in an
enclosure. As boundary conditions, the vertical walls of this enclosure are subject to a uniform heat flux and
horizontal walls are supposed to be adiabatic. The numerical modeling, used by us, is briefly described below. The
rough surfaces are described as sinusoidal profiles which are transformed, using a homotopic transformation, into a
flat plate. Governing equations are discredited using the finite volume method and the resolution is obtained by the
THOMAS algorithm. The coupling of the velocity and pressure fields is achieved using the SIMPLE algorithm. The
effect of the form of protuberances, and the imposed heat flux at a vertical wall, on streamlines and temperature fields
has been considered. The first obtained results are in agreement with previous experimental and numerical results,
showing thus that our modeling is accurate. The first results are a validation of code are in agreement with previous
experimental, numerical, and software Fluent showing that our model is accurate,
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Nomenclature
A amplitude of the sinusoid (m)
Cp specific heat of fluid at constant pressure (KJ kg K-1)
g gravitational acceleration (m/s-2)
P pressure (N/m2)
q heat flux density (w/m2)
T temperature (°K)
t period (s)
u, v velocity components in the x and y direction, respectively (m/s)
x, y coordinates Cartesian (m)
Greek symbols
t thermal dilatation coefficient (K-1)
viscosity (kg m-1s-1)
-3)
Subscripts
a ambient
1. Introduction
Natural convection in enclosures play an important many engineering applications, where it provided a
means of heat transfer without the need for fans or pumps, cooling of electronics cheeps, ventilation of
buildings, thermal of performance of solar collectors, geophysics,… .
In a large number of applications, the heat transfer can be enhanced by extended surfaces as
protuberance. So, it is well know that for vertical wall, a rough surface increases the laminar natural heat
transfer. One of the most popular benchmark problems is that of laminar flow in a two dimensional
square cavity with differentially heated side walls. at first, De Vahl Davis [1] proposed the laminar
regime benchmarks for the Rayleigh numbers up to 106 using the second order centered finite difference
schema.
Many experimental and numerical studies have emphasized on the natural convection in the cavity.
The work of Ostrach [2] has given a review of the history and developments of such heat transfer process
with the inception of natural convection as research topic.
An enclosure with corrugated bottom maintaining a uniform heat flux and flat isothermal cooled top
surface and side walls adiabatic was studied by Noorshahi [3]. Shakerin and all [4] study the heat transfer
characteristics of square cross sectioned ribs mounted on the heated wall. Prodip .K.D and al [5]
investigated numerically the buoyancy induced flow and heat transfer inside a wavy enclosure with two
wavy walls and two straight walls. Saidi et al [6] presented numerical and experimental results on flow
over and heat transfer from a sinusoidal cavity they reported that the total heat exchanger between the
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wavy wall of the cavity and the following fluid was reduced by the presence of vortex. Vortex plays the
role of thermal screen; witch creates a large region of uniform temperature in the bottom ob the cavity.
L.Adjlout and all [7] have studied the influence of the wavy hot wall in an inclined square cavity on
laminar natural convection has been performed. They chose a sinusoidal wall for the hot wall and
presented one and three undulations. On the other hand Yao [8] has studied theoretically the natural
convection along a vertical wavy surface. He found the heat transfer rate for a wavy surface was
constantly smaller than the corresponding of flat plate. From the later findings and for the geometry
changes in the cavity Adjlout have studied the influence of undulation number in rectangular cavity
differentially heated with a vertical undulated hot wall on the heat transfer rate.
The purpose of this study is to investigate, numerically in 2D with FLUENT, the effect of rough
surfaces at the vertical walls on heat and mass transfers in an enclosure. As boundary conditions, the
vertical walls of this enclosure are subject to a uniform heat flux and horizontal walls are supposed to be
adiabatic. The rough surfaces are described as sinusoidal profiles which are transformed, using a
homotopic transformation, into a flat plate. The effect of protuberances and the imposed heat flux at a
vertical wall, on streamlines and temperature fields. The first obtained results are in agreement with
previous experimental and numerical results, showing thus that our modelling is accurate.
2. Mathematical formulation
Natural convection is governed by the differential equations expressing the conversation of mass,
momentum, and energy. The present flow is considered steady, laminar, incompressible and two
dimensional. The viscous dissipation term In the energy equation is neglected the momentum equations
are simplified using Boussinesq approximation, in witch all fluid properties are assumed constant except
the density in the contribution to the boundary conditions are cast in dimensionless form using the
following dimensionless form using the following dimensionless variable for this study, the following
hypothesis are taken into account in the equation. The flow is assumed laminar and bi dimensional. The
fluid is Newtonian and uncompressible.
Continuity equation:
0u u
x y
(1)
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3. Numerical procedure
The use of software for solving physical problems is very common nowadays. Indeed, in most of these
problems, especially the resolution of phenomena (heat transfer, radiation, phase change ...) coupled to
fluid mechanics is only possible under certain simplifying assumptions that do not make a study more real
physical phenomena observed experimentally. The equations are solved by FLUENT software because of
its importance and the complicity of the problem.
4. Results and discussion
The focus of this study is to examine the influence of the sinusoidal protuberance and the variation of
flux density of the heat transfer in enclosure because irregular surfaces are often present in many
applications. It is often encountered in heat transfer devices to enhance heat for examples, flat-plate solar
collectors and flat-plate condensers in refrigeration. The results are presented as temperature contours,
velocity contours and streamlines. Figure 1 shows the isothermal contours without protuberance, the
effect of the protuberance on the heat transfer is given by Figure 2 for Q = 10 w/m2 and 50 w/m2.
The basic difference between the isotherms cavity and a cavity that has a protuberance at such flux
density is their shape. A further increase of density flux increases the circulation inside the cavity.
(a) (b)
Fig.1. The temperature contours (a) Q = 10 w/m2 ,T =300 K ; (b) Q = 50 w/m2 ,T =300 K
(a) (b)
Fig.2. The temperature contours with protuberance (a) Q = 10 w/m2 ,T =300 K ; (b) Q = 50 w/m2 ,T =300 K
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(a) (b)
Fig.3. The velocity contours without protuberance (a) Q = 10 w/m2 ,T =300 K ; (b) Q = 50 w/m2
(a) (b)
Fig.4. Contours of x velocity with protuberance (a) Q = 10 w/m2 ,T =300 K ; (b) Q = 50 w/m2 ,T =300 K
(a) (b)
Fig.5. Contours of y velocity with protuberance (a) Q = 10 w/m2 ,T =300 K ; (b) Q = 50 w/m2 ,T =300 K
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(a) (b)
Fig.6. Stream function (a) Q = 10 w/m2 ,T =300 K ; (b) Q = 50 w/m2 ,T =300 K
Conclusion
In this article we have studied the influence of uneven topography on the transfer by natural
convection, the results obtained show that the flow structure is affected by the shape of the cavity.
The flow is characterized by a set of counter-cells which are found above the troughs and peaks of the
sinusoid. This flow structure appears to be due to recirculation zones that originate in the vicinity of each
undulation and interact with each other to generate the cells observed. Symmetry of the stream function is
observed, it develops in relation to the axis of the hollow
Isotherms along the topography of the wall, they are tight in the palm of the sinusoid, where transfers take
place mainly by conduction and are spaced above the peaks, due to the increased transfer by convection
in these regions.
Heat transfer falls gradually with an increase of surface waviness up to a certain value of surface
waviness, above witch heat transfer increases again.
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